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- "IE.CHNULUGY
Indium phosphide S 'VIRTUAL REALITY'

speeds past GaAs Cy rSpa' travel
The fabrication of state-of-the- BY RICIIARD )0 RT

By Lous. MESIC art high-speed electronic and opti- Sausalito, Calif Sac tistsDEVICE PHTSIEIST cal devices requires not only high- NASA's Ames Re!sarch nter,SCIENCES DivisION quality substrate mateia. but the working with CA house likeAVLcEN DVISISCNT growth upon these substrates Of AutoDesk Inc.. y soon e
ANhighly uniform epitaxial layers users of compute aided desiSAN DIEGO with precisely controlled physical tools where no e gineers hav

In the past couple of decades, ma- and electronic parameters such as gone before--jo eying over.
turing GaAs-based semiconductor thickness, carrier concentration, under, around and through Cy-
technology has complemented sil- carrier mobility and layer smooth- berSpace, a com er-generated
con technology both by extending ness. In some applications, only a "virtual reality."
transistor frequencies into the milh- single layer may be required while And with NASA'" View (Vit"l
meter-wave region and by making in others, extremely complicated vsanent int Worksta-
new optoelectronic devices and cir- structures containing thousands these Cybe eeporers
cuits possible. However, now that of layers are necessary. ever have to ye their anr-
the limits of GaAs are being Rapidly maturing epigrowth Instead, they don stereo-
reached, the emerging technology techniques, such as organo-me- scopic and a smart glove"
of indium phosphide(InP) and its tallic chemical vapor deposition (both toa s t via
related alloys, such as InGaAs and (OMCVD) and gas-source molec- explore a of wire-
InAIAs, are further extending the uar beam epitaxy (GSMBE), are e shaded tray-
limits of solid-state capabilties in a now making possible the lnP- e over t is in the binEnvi moent to eeora n I
range of areas based struc- oaeye en nor ore co or-on ted mai
from extra-high tures that are e go es ens e that the
frequency needed for the viewer's en e field o vision is
(EHF) power advanced de- filled with e es di layed on a Autodesk be wearer pass the to
and photonics P mergig InP tech- vices awaited pair of nma 0o r CRTs or its c aOf a , tion.
voer on -PEi a loy and related by the military LCDs. The app pte perspec- s ftwr such wil e b
versiont° enrappica- no y drelated community. ive is cakulated host sometine yh
ble to a host of alloys like InGaAs and inPisanat- view changeas 5aut arehoped to under $ be idica say.by the
military sys- InAlAs are extending tractive mate- look up an own turns from for , gloves host - down ). Later,
tems. rial for micro- side to side. face. company are

Although it's the limits of solid- wave and Hand controls allo e travel- even ginning work compl *ty of the d-
been expected state capabilities. millimeter- . er to move through m viron- language pro- se unit ( ubbed Data love)
for some time wave power ment and grasp objec an here ject ger it e vo e g d to
that InP-based transistors be- in the field of view o to j to partly - peg . r exa ple, tests
devices would cause of its another region of thCAD -. C suggest that sers who w t to
outperform current materials, higher-peak electron drift veloc- verse along any ai o let manip e jects will aswn
their development requires time ity, thermal conductivity and I some f tactile fee back.
and money, just as did the devel- breakdown field as compared to r u- .. ; NASA ha rimentes ess-
opment of the Si and GaAs tech- GaAs. In addition, the surface M fully with ture soleno actu-
nologies. For each material, the properties of InP make using the N AS Spac ators that vide finger-p ssure
basic skills and capabilities must metal-insulator-semiconductor " .- - - feedback roportional the
be developed, field-effect transistor (MISFET) 'force- ser is exe

The first capability needed is possible, and this allows both No spacesuits are needed to uter-generated, or Ames Scott F Hu-
the growth of bulk material. Ten channel carrier accumulation and virtualerealities CyberSpace. "total immersion" nan F has
years ago. the maximum single large positive gate voltage swings c er- a imulations hold U se of new vistas vitu-
crystalline InP ingot diameter was while keeping gate leakage cur- =n unrecedent navigational s. A
approximately 1 cm; today, how- rent extremely small. NASA's premi r system is us nviron-
ever, 3-inch ingots are routinely InP MISFETs developed by ment Interface t e ye positioning data the that SS
grown. In addition, the material the Naval Ocean Systems Center from a senso ded DatGlov and e a the appropriate lend and
quality is improving significantly. (NOSC) and by Thompson-CSF stereoscopic mia es into a wid gle * lay system con- the staton
For example, Sumitomo, using have demonstrated power out- tained within a of stereo ic goggl NASA uses twin g ster Pic es
the "Liquid Encapsulated Czo- puts of 4.5 W/mm of gate width at 640 x 220-pixel t LCD to show co puter-generated and n r-aced yes, tel pre-
chalski" (LEC) method under 46 percent power-added efficien- NTSC color pa hics Wid -angle optics nsure that the nc rkers on mi t be
phosphorous pressure (VCZ cy at X-band. This is more than wearer's fieldof ision is y filled by th 'splay, and the ale t e through robot's yes
method), has grown low-disloca- three times the power per unit graphics exhibit mplet depth of field. n the Cyber- d late objec with obo-
tion-density 50-mm-diameter Sn- gate width ever reported for Space explorer t s hi head, the host a certain the tic s located th sand and
doped InP crystals with average GaAs-based FETs. - display is tracke scc dingly. evn ons of il d t
etch pit densities of 2 x 10' More recently, a collaborative Most objects as wire-frame or r dedgeo- Fis h s worked cl sey with
c. This is an order of agni- effort between Texas Instruments !ime " - egn t VPL Res
tude lower than that of conven- and NOSC has resulted in ,/4-i- Travelers inthis versearenotboundby lawsofphysics (Palo t Calif.) to crest a 15-
tional LEC crystals with the same cron gate-length InP MISFETs but can rise and through "ceiling" and rs" by pointing en' D Glove that states
dopjig density. demonstrating 1.8 W/mn at 30 with the glove. G 'ty can be lessened to in .. l _ _; e emen into 8-

Similar dislocation densities GHz while the highest reported dropped light bounce i t breaking.' I tha is delivered o a cus-
have also been achieved with Fe- value for GaAs-based FETs is I And travelers space atnear the speed of to• te
doped semi-insulating InP, which W/mmnat that frequency. Under dc computer . .. L' Ja n, Laie is won
can serve as substrate material conditions, these devices exhibit -- The of the images and the speed with which as a consult t with AutoDesk.
for a variety of millimeter-wave drain current drift due to charing they can be t is all a matter of available computer horse-: He's respons le for translating
devices. Within the United or discharging of states at or near power, As, er s, researchers at NASA Ames Re- laboratory s rt-glove sensor
States, Crystacomm Inc. (Moun- the semiconductor/gate-insulator search ter, Au Desk Inc. and VPL Research are certain systems com-
tain View, Calif.) is both improv- interface; however, wen used as thatthey'llcome unwith prducs wilextendthercia-produ s. He was the
ing material quality and supplying microwave amplifiers their drif technology far beyond the laori ' ,space and catalyst behind the licensing of
InP substrate material to the var- extremely slight. perhaps even the home. -By Richard Dorty M cop-
ious R&D facilities. Continued on page 34
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HIGHER POWER TRANSISTG;$ TO PLAY IN X-BAND

InP extending solid state's range
Continued from page 31. however, smilar structures based compatibility with long-wave-

Apparently the presence of an on InP have demonstrated appmro- length 1.3- to 1.55-micron optical Pde
RF signal has a stabilizing effect on mately 50 percent higher-frequency devices for optoelectronic circuit - -- - .
the interface states. Power output operation. Coniel University hasre- integration. Researchers at '-'Z , •
for these devices drifted no more ,ported 1/10-micron-gate InGaAs/lnP AT&T Bell Laboratories have re- . ..
than 2 percent over a test period of MODFET structures with a current cently reported hot electron Au(
167 hours (about one week) of con- gai alt-off frequency (Q of 170 InP/lnGaAs HBT devices demon- -

tinuous operation. GHz. What's more, General Electric strating an k, of 140 GHz. Ring
Military systems that will bene- has reported InAftlnGaAs/lbe- oscillator results on these struc-

fit from the availability of higher- tice matched ',-rmrcron HEMT de- tures show a propagation delay -
power X-band transistors will, for vices demonstrating extrapolted per stage of 50 ps and a power
example, include missiles, radar, n uaximwn frequency of oscillation consumption per stage of 4 mW.
decoys and jammers. Extending (finax) of 380 GILz. InP-based high-speed optoelec-
the frequency range into a band Similar structures using strained tronic ICs (OEICs) will soon great-
will add satellite communications non-lattice-matched (pseudonor- ly impact photonic systems ranging
to the list. phic) channel layers and 1/10-mi- from fiber-optic telecommunica-

In the past several years, the cron gate lengths have been re- tions and signal processing to fiber-
millimeter-wave frequency range ported by Hughes Research guided missiles. Photonic struc-

tures on InGaAs lattice-matched toWn substrates operate through the ,... : '-..' , .':--- .: ,. .
1.55-micron wavelength attenu-

ilitary systems that will benefit from ation minimum (-0.12 dB/km) of InP-based devices and circuits fabricated for them by Spire Corp.silica optical fiers. GaAs-based are especially weBl-suited for space usinig OMCVD and ton inolantationM the availability of higher power X-band srucures are limied to 0.85 mi- appications because of their high techique. Theoretcal modelingtransistors will include mnissiles, radar, decoys a-on radiation (2riB/kin). tolerance for the radiation exper- pr efiiece of 21 percent
Thus lnP technology makes enced in the space enviroment. c be achieved on nP cels

and jammers. possi direct fiber-optic fight IaP solar cells are akeady b ig High-speed spatial light modula-
transrission over distances more tested in the radiation environment tors (SLMs) could increase the
than an order of magnitude great- of space and, according to Irving perimmnce of many military sig-

from approdmately 30 GHz to a Laboratories. The Hughes devices er than can be achieved with Weinerg of NASA Lewis Re- ml-hling systems. One ap-
few hundred GHz has received have demonstrated an f of 210 GaAs-based devices. AT&T Bell search Center. one year's data proach to SLM devices is the use
ever increasing attention. Solid- GHz and amplifier circuits employ- Laboratories has reported an In- available on InP solar cells tested of the n stark ef-
state devices and arrays operating ing these structures have exhited GaAs PIN photodiodellnP junc- on satellite Lips-3 has shown that fect in nali-quanturn-well (MQW)
at these frequencies will have appli- noise figures of 0.8 dB with 9 dB tion field-effect transistor (FET) there is no degradation in the per- layers with charge-coupled devices
cations in such areas as advanced gain at 60 GHz. Hughes also re- OEIC receiver operating with a orsiance of these devices. (CCDs) used to spatially program
missile systems, space and covert ports capacitively enhanced logic sensitivity of - 33.9 diBm at a bit Laboratory data indicates that the electric field across an array,
commnmications, radar, active tank delays per stage of6 ps at 24.5mW rate of 200 Mbits/s with a bit error for 10 years in orbit, lnP solar cell thereby providing control of the
defense, smart munitions and high- per gate for ring oscillators using rate of 10' at a wavelength of 1.55 efficiencies are expected to de- tranmitted lght intensity.
speed digital systems. similar HEMT structures. microns. Meanwhile, researchers grade by only 3 percent. while for Colorado State University is

The ft rasors to operate at In addition to field-effect tan- at Fujitsu have reported an GaAs the degradation should be engaged in the development of
ulirneter-wave frequencies were sistors, InP-based heterostruc- InGaAw/nAIAsn OEIC receiv- approxinately 16percent and for Si SLM devices fabricated on InP/

GaAs-based field-effect ransistor, lure bipolar transistors (HBTs) er demonstrating a bit rate of 2 cells about 25 percent. NASA lnGaAs structures grown by
the fastest of which are the high offer-besides high speed-their Gbits/s with -18.5-dBmsensitiv- Lewis has reported air-mass zero GSMBE. Insulated-gate InP
electron mobility transistors called own set of advantages including ity, with a bit error rate of 10 at total area effienci of 18.8 per- CCDs fabricated at NOSC have
HEMTs or MODFETs. Recently, precise threshold control and 1.3 microns. cut in nip bomojmmdion solar cells demonstrated a clock rate of 800

MHz. These used a two-level
overlapping gate structure analo-
gous to Si CCDs. This is not feasi-
ble on GaAs because of the lack of
a co-patible insulator.

Spire Corp. (Bedford, Mass.)
is progressing well with growing
high-quaity InP by OMCVD on
GaAs and GaAs-coated Si wafers.
And. this could cut the cost of
some InP devices and circuits
through the use of less expensive
substrates. In addition, this capa-
bility opens up the possibility of
integrating on a single chip InP-
based high-speed, high-power
and optoelectronic devices with
GaAs and Si electronics.

For more complete information
of the latest innovations in InP-
based deices and circuits, see the
Proceedi gs of the First Interna-

tional Conference on InP and Relat-
ed Materlals for Advanced Elec-
txanic and Optical Devices," held in
Norman. Okla., March 20 to 22,
1989. and due out in August 1989
frm SPIE. The "Proceedings of
the Frst lnP Microwave/Mil-
meta-Wave Tednology Work-
sho." held in San Diego. Jan. 25 to
2. 19M. is also to be published by
NOSC aromd September 1989 and

Il be aailable through the De-
liese Tedncal Information center
(DTIC) in Alexandria, Va.
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